Synergistic damage of tumor vessels with ultra low-dose endothelial-monocyte activating polypeptide-II and neovasculature-targeted tumor necrosis factor-alpha.
High-dose endothelial-monocyte activating polypeptide II (EMAP-II), a tumor-derived antiangiogenic cytokine, can sensitize tumor vasculature to the damaging activity of high-dose tumor necrosis factor (TNF)-alpha. However, this combination cannot be used for systemic treatment of patients because of prohibitive toxicity. We have found that this limitation can be overcome by combining a TNF-targeting strategy with the use of ultra low-dose EMAP-II. Coadministration of 0.1 ng of EMAP-II and 0.1 ng of CNGRCG-TNF (NGR-TNF), a peptide-TNF conjugate able to target tumor blood vessels, inhibited lymphoma and melanoma growth in mice, with no evidence of toxicity. This drug combination induced endothelial cell apoptosis in vivo and, at later time points, caused reduction of vessel density and massive apoptosis of tumor cells. Ligand-directed targeting of TNF was critical because the combination of nontargeted TNF with EMAP-II was inactive in these murine models. The synergism was progressively lost when the dose of EMAP-II was increased in the nanogram to microgram range, supporting the concept that the use of low-dose EMAP-II is critical. Studies on the mechanism of this paradoxical behavior showed that EMAP-II doses >1 ng induce the release of soluble TNF receptor 1 in circulation, a strong counter-regulatory inhibitor of TNF. Tumor vascular targeting with extremely low amounts of these cytokines may represent a new strategy for cancer treatment.